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EFFECT OF AN ELECTROTECHNOLOGICAL MODULE 
OPERATION ON THE MICROBIAL COMMUNITY IN RAS 

Aquaculture is an important component of food security in many 
countries worldwide, including the Republic of Belarus. According to the 
recommendations of the Ministry of Health, annual fish consumption 
should be 21.3 kg per capita, whereas the actual level is only 14–15 kg per 
capita per year. Insufficient consumption indicates the relevance of search-
ing for new solutions for aquaculture development, a key element of which 
is industrial fish farming [1]. 

In Belarus, industrial fish production is mainly carried out using re-
circulating aquaculture systems (RAS). These systems allow fish cultiva-
tion at high stocking densities, which leads to the accumulation of hazard-
ous metabolites in the form of nitrogen compounds (ammonia/ammonium, 
nitrite, nitrate) [2]. 

The primary solution to this problem is the use of biological filtration 
systems based on the conversion of nitrogen compounds by nitrifying mi-
croorganisms. These microorganisms are adsorbed on the surface of a spe-
cial substrate, forming an active biofilm. 

However, the operation of such systems is associated with a number 
of challenges, including slow start-up and high sensitivity to environmental 
parameters such as pH, dissolved oxygen concentration, and mixing inten-
sity. Deviation of even one parameter may cause system failures, indicating 
the need for solutions aimed at increasing system efficiency and facilitating 
biofilter start-up. 

A promising solution in this context is the implementation of an elec-
trotechnological module (Figure 1). As is known, electrolytic water treat-
ment provides a complex and controllable effect on living organisms due to 
the formation of electrochemically activated solutions differing in acidity, 
redox potential, and ionic composition. 

 



442 

 
1 – power supply, 2 – water outlet, 3 – water inlet valve, 4 – membrane,  

5 – cathodic zone, 6 – anodic zone, 7 – electrode  
Figure 1 – Schematic diagram of the electrotechnological module 

During electrolysis, anodic (anolyte) and cathodic (catholyte) frac-
tions are formed, whose biological effects differ fundamentally. Anolyte is 
characterized by a slightly acidic medium (pH 6.0–6.9) and positive redox 
potential values (up to +40 mV and higher), leading to oxidative stress in 
living cells. As a result, cell membrane permeability is disrupted, enzymat-
ic activity is suppressed, and microbial viability decreases, which manifests 
as a pronounced inhibitory and bactericidal effect. Experimental data 
demonstrate that anolyte exposure can reduce the total microbial count by 
several orders of magnitude. 

In contrast, catholyte has a slightly alkaline reaction (pH 8.0–8.2) 
and a negative redox potential (up to –60…–70 mV), creating reducing 
conditions favorable for cellular activity. Under these conditions, metabolic 
processes intensify, and microbial growth and reproduction are enhanced, 
resulting in a sharp increase in microbial abundance. When anolyte and 
catholyte fractions are mixed, a water medium with near-neutral pH and 
redox potential is formed, combining reduced toxicity with high biological 
activity. This enables controlled regulation of microbial communities by 
stimulating beneficial microorganisms without suppressing biological pro-
cesses [3, 4].  

Thus, water electrolysis can be considered a universal tool for regu-
lated influence on living organisms, capable of both suppressing undesira-
ble microflora and stimulating the growth and activity of biological sys-
tems depending on the selected treatment. This is also confirmed by our 
experimental studies, in which control and experimental biofilter models 
were created. In the experimental system, water was treated by electrolysis, 
whereas no such treatment was applied in the control system [5]. After a 
prolonged operation period, biofilter substrate elements were sampled to 
analyze the abundance of nitrifying bacteria in both systems. 

Microbiological analysis showed that the use of the electrotechnolog-
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ical module significantly increases the abundance of nitrifying bacteria in-
volved in both phases of nitrification: 

First phase of nitrification (Nitrosomonas, Nitrosococcus): without 
treatment: 1.76 × 10⁵ CFU/mL; with treatment: 4.5 × 10⁶ CFU/mL. 

An almost 25-fold increase in bacterial abundance was observed. 
Second phase of nitrification (Nitrobacter): without treatment: 2.7 × 

10⁴ CFU/mL; with treatment: 7.6 × 10⁴ CFU/mL. 
An increase by a factor of 2.8 was recorded, confirming the pro-

spects of using electrotechnological modules to enhance biofilter perfor-
mance by increasing the growth rate of nitrifying microorganisms in the 
system. 

Conclusion. It was established that the application of an electrotech-
nological module in RAS has a pronounced stimulating effect on the nitri-
fying microbial community of the biofilter. The obtained results confirm 
the feasibility of using electrotechnological modules to improve the effi-
ciency and operational stability of biofiltration systems in industrial aqua-
culture. 
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